INTRODUCTION
Heteropolyacids catalyze a wide variety of reactions in homogeneous or heterogeneous (liquid-solid, gas-solid or liquid-liquid biphasic) systems, offering strong options for more efficient and cleaner processing compared to conventional mineral acids 1 -5 . Being stronger acids, heteropolyacids will have significantly higher catalytic activity than the conventional catalysts such as mineral acids, mixed-oxides, zeolites, etc. In particular, in organic media, the molar catalytic activity of heteropolyacid is often 100 -1000 times higher than that of H 2 SO 4
-4
. Solid heteropolyacids possess purely Brønsted acidity and are stronger than such conventional solid acids as SiO 2 -Al 2 O 3 , H 3 PO 4 /SiO 2 , and HX and HY zeolites 1 -5 . Naproxen has different names in pharmaceutical trade such as, Naprosyn ® , Synflex ® , and first NSAID marketed in an enantiomerically pure form. (S)-enantiomer is 28 times more active than the (R)-enantiomer. α-Arylpropionic acids are an important classification of non-steroidal anti-inflammatory agents 6 . The therapeutic efficacy of this class of drugs is well demonstrated by the introduction and extensive use of more than a dozen compounds exemplified by ibuprofen, naproxen, ketoprofen and flurbiprofen, etc. However, in recent years, the use of enantiomerical pure drugs in chemotherapy is becoming almost mandatory for enhancing the specificity of drug action and reducing toxicity. This awareness has led to great efforts for obtaining the optical pure isomer of this class of drugs. So far numerous asymmetric reactions have been reported 5 . Currently the practical method for optical pure compounds appears based on an entirely different strategy stereospecific 1, 2-aryl rearrangements 7 . Naproxen is industrially produced by Syntex Process, which involves a multi-step organic synthesis (Sheldon 1996) leading to a significant waste products formation and poor yields. Catalytic oxidation of aldehyde is one of the most promising reactions to achieve the corresponding carboxylic acid in high yields. Oxidation of 2-(6 methoxynaphthyl) propanaldehydes is thus a convenient method for Naproxen synthesis (Barner et al. 1997) on which no significant report has been published. In a report by Barner et al. 88 .5% Naproxen yield was achieved using 2,6-lutidine in peracetic acid solution at 2 o C 8 . During the past decades enormous progress was made in asymmetric catalytic synthesis, a well-known example is BINAP, 9 the chiral hydrogenation synthesis of (S)-Naproxen catalyzed by BINAP-Ru dicarboxylate complexes provides excellent enantioselectivity (up to 99% ee) and good chemical yield (92%), however the pressure is relatively high (135 -150 atm) and the (S)-BINAP-Ru(III) complex is very expensive. This problem may present a practical limitation. In recent years new methodologies have also been studied such as asymmetric methylation of 2-arylacetic acids, asymmetric hydroformylation/ hydrocarboxylation of the appropriate styrene derivatives, asymmetric alkylation of appropriate aromatic compounds. Unfortunately, the optical yields in these latter cases 10 are far from excellent. (6-Methoxyl-2-naphthyl)-2-acrylic acids constitute an important class of the substrates for this reaction because the resulting α-aryl-2-propanic acids are a variety of commercially important non-steroidal anti-inflammatory agents
11
. Because of the current commercial importance of these well-known anti-inflammatory drugs, naproxen and its derivatives, we chosen (6-methoxyl-2-naphthyl)-2-acrylic acid as precursor for our initial studies.
EXPERIMENTAL

Chemical
All chemicals were obtained from Merck and used as received.
Instruments The 1 H-NMR spectra were recorded on an FT-NMR Bruker 100 MHz Aspect 3000 spectrometer and 1 H NMR and 13 C NMR spectra were recorded at 298 o K. The IR spectra were obtained with a Bucker 500 scientific spectrometer (KBr pellets). The GC-Mass analysis was performed on a GC-Mass model: 5973 network mass selective detector, GC 6890 Agilent. The mass spectra were scanned on a Varian Mat. CH-7 at 70 ev. UV-Vis spectra were measured on a Shimadzu spectrophotometer. The melting points were recorded on an Electrothermal type 9100 melting point apparatus and were uncorrected. Chemical shifts were reported in ppm (δ-scale) relative to the internal standard TMS (0.00 ppm); the solvent was used as a reference. TLC was carried out with E. Merck Silica gel GOF-254 (0. 25 mm thickness) pre-coated tic plates. The Column Chromatography was carried out with the silica gel (Kieselgel 60, 70-230 mesh, E. Merck).
Catalyst preparation
All 
Synthesis of the (S)-Naproxen (3)
A mixture of 1-(6-methoxynaphthqlen-2-yl) propan-1-one 1 (15 mmol), D-mannitol 2 (3.45 g, 15 mmol) and heteropolyacids catalyst (0.06 mmol) dissolved in DMF (50 mL), was stirred and refluxed for 3.5 h. The resulting solution was concentrated under reduced pressure, the residue was extracted by ethanol (3 x 30 mL) and the solvent was recovered, the residue was isolated by the chromatograph on the silica column and obtained two types of ester (esters 1 and 2).
The residue was chromatographed on the silica column (CH 2 Cl 2 : CHCl 3 =70: 30) and two components were obtained, as follows: The residue was dissolved in a mixture of methanol (50 mL) and heteropolyacids (HPAs) catalyst (0.06 mmol) and was refluxed for 2.5 h. After the reaction completion, the reaction mixture was cooled and NaOH (2 mol/L) was added to the reaction mixture to neutralize the solution. The mixture was extracted by chloroform (3 x 30 mL) and washed with water, then chromatographed on the silica column (CH 2 Cl 2 : C 2 H 5 OH=70: 30), a white product (S)-2-(6-methoxynaphtalen-2-yl) propanoic acid, (S)-Naproxen 3 was obtained, and then analyzed. The products were characterized by the comparison of their spectroscopic (IR, 1 H NMR, Mass, 13 C NMR) data with those of the authentic samples. The yields were determined by GC. Scheme 1. Synthesis of (S)-Naproxen 3 in the presence of heteropolyacids (HPAs) as the catalyst and reflux conditions UV-VIS (MeOH (log ε)): 262 (3.07), 271 (3.71), 316 (3.16), 331 (3.26).
RESULTS AND DISCUSSION
We wish to report a new method for the catalytic synthesis of (S)-Naproxen 3 using heteropolyacids as the catalyst in the presence of 1-(6-methoxynaphthqlen-2-yl) propan-1-one 1, with D-mannitol 2 as auxiliary (Scheme 1).
In continuation with our works by using heteropolyacids 16 
. When the mixture of 1-(6-methoxynaphthqlen-2-yl)propan-1-one 1 and D-mannitol 2 in DMF was refluxed in the presence of the catalytic amounts of the mentioned heteropolyacids, (S)-2-(6-methoxynaphtalen-2-yl)propanoic acid, ((S)-Naproxen) 3 were obtained with the 90.5% yield and the 99% ee (Scheme 1).
The synthesis of the optically active acetals and stereospecific rearrangements is shown in (Scheme 1, 2). In this reaction , three types of the ketals can be produced using D-mannitol 2 and 1-(6-methoxynaphthqlen-2-yl)propan-1-one 1 in the presence of heteropolyacids (HPAs) catalysts, but only two kinds of optical active acetals 1 and 2 were obtained. This result may be due to the "space effect "in this reaction.
However, when CH 3 OH and heteropolyacid were allowed to be stirred and refluxed with α-naphthyl-glycidyl ether for 2.5 hr, followed by the addition of NaOH (10%) to the same reaction vessel, it gave (S)-Naproxen 3 in good chemical yield and optical purity. The enantiomeric exclude that enantioselective by using methanol/ heteropolyacid in hydrolysis of esters is an efficient alternative short route, with simple work up and high enantiomeric excess for the synthesis of (S)-Naproxen 3. Generally, the residue (esters 1 and 2) is dissolved directly into the mixture of methanol and heteropolyacid and refluxed for 2.5 h. After cooled to the room temperature, the mixture is neutralized by NaOH solution to pH= 6 -7, extracted by CHCl 3 three times and washed with water, concentrated, finally chromatographed on the silica column (CH 2 Cl 2 : C 2 H 5 OH =70: 30).
We carried out the hydrolysis reaction of esters 1 and 2 in the presence of heteropolyacids types as the catalyst under the same conditions, the results were very useful for the synthesis of (S)-Naproxen 3, because Preyssler type catalyst gave a higher yield than Keggin and Wells-Dawson types (Table 2) . Generally, the heteropolyacids-catalyzed reactions may be represented by the conventional mechanisms of Brønsted acid catalysis. The mechanism may start with the protonation of the substrates and followed by the conversion of the ionic intermediates to the related products 3, 4 and the strong acids readily cleave ethers. However, acetals, ketals are easily cleaved by dilute acids, these compounds are hydrolyzed with greater facility because carbocations are greatly stabilized by resonance.
Misono and co-workers advanced two types of catalysis for the heterogeneous acid catalysis by heteropolyacids as surface type and bulk type
19
. The discussions on the behavior of carbocation intermediates in the superacid media and of neighboring-group participation have already provided examples of carbocation rearrangements. This is a characteristic feature of carbocations. In this reaction, rearrangements occurred by the shift of a hydrogen and a methyl group. The rearrangement created a new carbocation with the positive charge located on the carbon atom from which the migration occurred. 1,2-Shifts (methyl and hydride shift) are the most common types of rearrangement, Scheme 2.
Since chiral centers are most commonly tetrahedral, the conversion of trigonal centers to tetrahedral centers by some type of addition process is the most common way in which new chiral centers are created and they are optically active. The reaction of carbonyl groups with nucleophiles is a classic example. If the substituents on the carbonyl group and the nucleophile are all different, then a new chiral center is produced, as in the reaction of 1-(6-methoxynaphthalen-2-yl)propan-1-one with D-mannitol to produce hemiacetals (the product of the addition of one molecule of alcohol to a ketone is referred to as a hemiacetal) and acetals (dehydration followed by the addition of a second molecule of alcohol gives an acetal) with optical activity. This second phase of the process can be catalyzed only by acids because a necessary step is the elimination of hydroxide (as water) from the tetrahedral intermediate, Scheme 3.
The carbonyl group is trigonal and planar and can be thought of as having two faces. Addition of nucleophile to one face gives one enantiomer while the addition to the opposite face gives the opposite enantiomer. As rewritten below, the attack from the above gives the R enantiomer while the attack from below gives the S enantiomer. The faces are stereochemically nonequivalent since different stereoisomers are produced. 
17
. Mole ratios of 1-(6-methoxynaphthqlen-2-yl) propan-1-one 1: D-mannitol 2 were affected in chemical and optical yields. So, the best mole ratio is 1: 0.5 with 94.5% isolated yield of crude product which showed 99% ee of (S)-enantiomer (Table 1) .
In comparison with the literature report 17 , we have shown that (S)-Naproxen 3 with high purity (99% ee) and the chemical yield (94.5% overall yield) can be obtained in only two steps without any purification or resolution of the intermediate. We suggested a preliminarily chiral complex, which kinetically favoured for (S) enantiomer responsible for this optical purity. Finally, we can con-To differentiate the faces of a carbonyl group, the ReSi nomenclature has been developed. The groups around the carbonyl carbon are given priorities by the same rules used in the Cahn-Ingold-Prelog system for R,S nomenclature. Then, going from the group of highest priority to the group of lowest priority around the face of a carbonyl group, proceeding in the clockwise direction defines the Re face and proceeding in the counter-clockwise direction defines the Si face.
The Re-Si nomenclature enables the faces of a carbonyl group to be differentiated stereochemically; however, the Scheme 2. Mechanism of the synthesis of (S)-Naproxen 3 Scheme 3. Formation of enantiomers carbonyl group itself is achiral. Moreover, the Re-Si designation is not indicative of the stereochemistry of the chiral center produced by addition. In the above example nucleophile addition to the Si face gives the R enantiomer while nucleophile addition to the Re face gives the S enantiomer.
In acid-catalyzed reactions by heteropolyacids, several types of acid sites are present 2, 4
. They include: proton sites in bulk heteropolyacids, Lewis acid sites in their salts (metal counteractions), proton sites in acidic salts, proton sites generated by dissociation of coordinated water and reduction of salts, and proton generated by partial hydrolysis of polyanions. In the surface type catalysis, the
. The mixed addenda Preyssler catalyst is formed by the substitution of one tungsten (VI) ion by Mo (VI). We obtained good results in the synthesis of (S)-Naproxen 3 by using various heteropolyacids catalysts, and the results of the catalysts effective in the synthesis of (S)-Naproxen 3 are as follows: 
Catalyst reusability
At the end of the reaction, the catalyst could be recovered by a simple filtration. The recycled catalyst could be washed with dichloromethane and used in the second run of the reaction process. The results of the first and subsequent experiments were almost consistent in the yields.
Effect of the catalyst type
The progress of the reaction in the synthesis of (S)-Naproxen 3, was followed by GC. The yields are shown in Table 1 . According to the results, the highest yield of (S)-Naproxen 3 has been achieved in the presence of H 14 -P 5 as catalyst. Thus, we selected H 14 -P 5 for supporting silica gel (H 14 -P 5 /SiO 2 ). The results show that Preyssler's anion proves to be an efficient catalyst in these reactions with better activity than what Keggins and Dawson studies show about heteropolyacids. The acid strength of this solid acid catalyst is greater than that of other heteropolyacids. It seems clear that the acid strength of the protons on H 14 -P 5 is sufficient to catalyze the hydrolysis of esters reaction and potentially all protons are active sites.
By replacing one of tungsten atoms of H 14 -P 5 with molybdenum, the yield is decreased.
The reason for this effect is not clear for us at this time; however, it seems that by replacing tungsten with molybdenum in Preyssler catalyst symmetry is decreased. In this study, the distortion of H 14 -P 5 Mo and decrease in acidity is tentatively suggested. The results of the comparison between supported and nonsupported Preyssler catalyst (H 14 -P 5 and H 14 -P 5 /SiO 2 ) have shown that, in all cases, the supported heteropolyacid is less active than the nonsupported one. One plausible interpretation of this observation is that in H 14 -P 5 /SiO 2 , there are polyanion support interactions of an acid-base nature. Some protons of the polyacid and some basic sites of the support (for example hydroxyl groups) can interact.
This would lead to a diminished availability due to this extra ionic interaction 4 . By using different forms of Preyssler catalyst, the observed selectivity was always 100%.
Isolation and separation of the intermediates 1 and 2 is impossible, because the intermediates 1 and 2 were converted into esters 1 and 2 in a short time. The yields for esters 1 and 2 were in order to 96.5 and 93.5 %. We have shown that esters 1 and 2 with high purity in order to (98% and 95% ee) can be obtained by the chromatograph system. Table 2 . The yields of (S)-Naproxen 3 synthesis using various heteropolyacids (HPAs) under reflux temperature condition reactions occur on the surface of the bulk or supported heteropoly compounds and the catalytic activity usually depends on the surface acidity of heteropolyacid. The acidic strength of Preyssler type is much higher than that of other types of heteropolyacids. Preyssler structure has 14 acidic protons, and W atom has acidic properties more than Mo, Si and V (Table 2) . HPA on Silica, SiO 2 is relatively inert toward HPAs, at least above a certain loading level, although some chemical interactions take place between of HPA and SiO 2 , the interaction is involved between hydroxyl groups of silan and acidic protons of heteropolyacids (Fig 3) . The results show a decrease in the acidity ability that silica supported Preyssler in the following way: 10 %< 20 %< 30 %< 40% <50%. (Table 2, The results showed that the catalytic activity of H 14 -P 5 is higher than that of H 14 -P 5 Mo.
The mixed addenda heteropoly anions are formed by the substitution of one or more tungsten (VI) or molybdenum (VI) in heteropolyanions by another addenda atom like W (VI) and V (V).
The relative activity of Keggin heteropolyacids primarily depends on their acid strength. These properties for the most common heteropolyacids are summarised as follows 9, 10 . The acid strength of crystalline HPAs decreases in the series:
Acid strength PW > SiW ≥ PMo > SiMo The addenda atoms can be ordered by decreasing the oxidizing ability in the following way:
